A first angiogram done in March 1977 showed occlusion of the right vertebral artery, a narrowing of the left vertebral at C1-2, and gross irregularity of the basilar artery with poor filling. A repeat angiogram in August revealed a more adequate circulation in the uninvolved portion of the basilar artery. Hematological profile including ANA was negative. When reexamined in May 1977 she had slight hyperreflexia in the left leg with dysdiadochokinesis, and a residual Horner's syndrome. When last seen in 1980 she had had no further episodes.
Case 2: This 43-year old woman was involved in an MVA in August of 1978, in which her car was struck from behind while she was stopped to turn left; at the moment of impact, she had her head turned to the left. She experienced severe immediate posterior neck pain high on the left side of the neck, but no immediate vertebrobasilar symptoms. The next day, while peeling carrots at the kitchen sink with her neck flexed, she experienced binocular loss of vision, vertigo, and a sense of impending loss of consciousness, leading her to sit down on the floor; the symptoms cleared in about a minute. Later the same day, while carrying a load of laundry down a flight of stairs, with her neck flexed and turned to see the stairs around the pile of laundry, she experienced binocular loss of vision, vertigo, and then lost consciousness. She came to at the bottom of the stairs, having sustained a fracture of the left distal fibula. When seen in the emergency department there were no definite residual signs of vertebrobasilar ischemia, but angiography showed delayed filling of a dominant left vertebral artery. It was in part the difficulty of explaining to the insurance company how a fractured leg was due to an accident of the previous day, that made the association between motor vehicle accidents and delayed vertebrobasilar ischemia easier to recognize in the subsequent cases.
Case 3: This lady of 34 developed in the few hours after chiropractic manipulation progressive symptomatology with nausea, vomiting , vertigo and ataxia. Over the course of 6 days she progressively evolved to a locked-in syndrome. Angiography showed occlusion of both vertebral arteries. She stabilized and had little recovery.
Case 4: This young man of 25 was struck by a motor vehicle while crossing a road in August 1981. He regained consciousness the next day in the emergency room having sustained an injury in the occipital region. He complained of fairly severe headaches and blurring of vision for three days after the accident, and later had episodes of visual blurring lasting seconds at a time. Even though he was aware of weakness and clumsiness on his left side, imbalance, ataxia of gait, dysarthria and a problem with his vision, he was discharged within 48 hours with his major problem being unrecognized.
Physical examination 8 months later revealed a marked ataxia of gait, scanning speech, failure of convergence of the right eye, a slight skew (right eye lower), dysmetria and brisker reflexes on the left side. Angiogram and CT scan in May 1982 were normal. It is felt that his deficit occurred at the time of the accident. He did not present delayed episodes suggestive of TIA.
Comments Group 1: The two chiropractic cases are comparable to other published cases in every respect. A slow improvement of the angiogram as in case #1 has been seen in about 33% of cases in the literature when a repeat angiogram was carried out at about 3 months. Evolution toward occlusion on the patent side might have had serious consequences for this lady. It is notable that delayed symptomatology has rarely been described in previous series even in cases with documented progression to occlusion.
In case 4 there was a negative angiogram with normal CT scan. The relatively rapid recovery to full consciousness would rule out a severe generalized brain contusion and/or increased intracranial pressure. We think it more likely that she had either an intraparenchymal brainstem lesion, the result of microvascular compromise, or, significant basilar ischemia, perhaps due to spasm (see discussion below).
Case 5 and 50 below were included in group 2, because although they probably had immediate vertebrobasilar ischemia, the condition was not recognized until recurrent vertebrobasilar ischemia several years later.
Group 2. Delayed infarction:
Case 5: This woman of 34 was injured in an MVA in February 1979 in which her small car was flattened against an expressway side wall by a municipal bus in another city. She lost consciousness for 2 hours. On awakening in the emergency room she remembers having severe neck pain with paralysis of both legs and the left arm. It was initially thought that she was hysterical or malingering, because, she was told, if her problem were a stroke it should only affect the leg ipsilateral to the affected arm. She made a slow recovery, on a psychiatry ward, still requiring a walker after six months.
In October 1984, just after pulling a stuck shopping cart out of line in a supermarket while shopping with her young daughter, she suddenly experienced a severe right sided headache associated with vertigo, diplopia and LOC. On regaining consciousness in a nearby hospital emergency room, she was aware of dysarthria, left homonymous hemianopsia, dysphagia, and numbness and paralysis of the left face, arm and leg. The hemiplegia persisted for 2 months. Angiography at that time showed an occlusion of the RVA at the origin, and occlusion of the LVA above the origin of PICA. Echocardiogram was negative. When first seen by JDS in 1985, her neurological examination revealed decreased sensation and strength of 3/5 on the left side with hyperreflexia on the right side. Investigation for SLE and hypercoagulability states was negative.
Case 6: This man of 52 had 2 MVAs in 1971 and 1978. The second was associated with brief LOC and followed by neck pain, headache and movement-induced vertigo. During the spring of 1979 he had many episodes of imbalance associated with binocular visual symptoms, described as a fog in front of both eyes with bright sparkling lights. These episodes would last approximately 2 minutes, and were accompanied by a feeling of being weak all over, heaviness in both legs, and inability to move. A friend said: " it looked as if he was in coma". On June 8, 1979 he was admitted because of a new episode of headache, left hemiparesis and vertigo. Neurological examination revealed decreased pinprick sensation on the left side of the face, long tract weakness and clumsiness of finger movements on the left and a broad-based gait. His left plantar was extensor. A family physician commented on the absence of these signs previously.
Cerebral angiography revealed unusual changes in the left vertebral artery. There were fibrotic webs at the origin of the LVA and delayed washout of contrast at C1-C2 consistent with damage after neck injury. X-Ray of the neck revealed multiple osteophytes at C3-C4 and C5-C6-C7. CT scan was normal. He presented minor episodes of imbalance and probable complex partial seizures in follow-up.
Case 7: This lady of 20 was involved in an MVA in May 1985. She had no LOC but presented immediate neck pain. In June 1986 she first presented horizontal diplopia. One week later she had binocular blurring of vision and unsteadiness in walking. Neurological examination at another hospital revealed a left one-and-a half syndrome and a left VII nuclear palsy. A CT scan revealed a hemorrhagic infarction of the dorsum of the pons. The radiologist commented upon a small hemorrhage in the midline related to the IV ventricle in the absence of mass effect. Angiogram was normal except for a hypoplastic RVA distal to PICA. MRI 3 months later was interpreted as showing an inhomogeneous mass lesion with some serpiginous component. In follow-up she was doing well, presenting only occasional throbbing headache with no accompaniments.
Case 8: This man of 53 was involved in an MVA in August 1982. He turned to the side to avoid impact but was retained by his seatbelt. He had no LOC. 20 minutes later he noticed the onset of headache and neck pain. 3 weeks later while seated at a table, he noticed a fluctuating brightness of his vision with a very bright yellow appearance. His upper body felt cold and tingling, and he had difficulty moving the muscles of his throat. He lost consciousness. On regaining consciousness, he had weakness and numbness of his left arm, black spots in his vision with lighter outer rims. Three weeks later while driving he again experienced black spots in his vision and lost consciousness. He was slightly weaker on the left side afterward.
There were no known risk factors for vascular disease except for smoking 1 pack/day. Examination in December 1982 revealed a mild weakness on his left side and bilateral nystagmus. The following were negative: CT scan, angiogram, ECG and echocardiogram. In August 1983 he had a sensation of impending doom associated with binocular visual brightness described as a yellow light, a sensation of warmth and tachycardia for 20 seconds and then collapsed. There might have been some "shaking". On awakening he was amnestic for these events, for which the history was obtained from his wife. No further episodes occurred.
Case 9: This lady of 39 was involved in an MVA in May 1985. The impact occurred when she was turned to talk to her children who were in the back seat. On that evening she complained of neck pain. Up to a year later she had difficulty concentrating, poor short-term memory, episodes of intermittent flashing colored lights in her vision, sensations of imbalance and sensations of faintness. Chronic neck pain prompted a chiropractic consultation and manipulation of the neck at the end of 1985.
In May 1987 while getting out of bed she experienced total loss of balance and difficulty with her speech. Her husband later found her with her left eye closed, face drawn to the left and unable to talk. Three hours later she was feeling better except for gait ataxia that persisted for 6 months. The next week she was found in bed at dinner time, unable to speak, with paresis of the right side of her face and inability to move her right arm. When she recovered, she described tingling of the right arm. When brought to hospital she had blurring of vision and difficulty with her speech. She also had frequent episodes of vertigo associated with numbness on the left side of her face and in both hands.
Neurological examination in November 1987 revealed a left Horner's syndrome. There was mild weakness of abduction of the right arm and dorsiflexion of the right ankle. CT of the head and DIVA of neck vessels done at another hospital were reported as normal but posterior vessels were poorly seen. Neuropsychological testing showed deficits in attention, concentration, some aspects of memory and of reading comprehension.
Case 10:
This 28 year old man of Asian descent was involved in an MVA in November 1984. He had no LOC but complained of immediate neck pain. In the next months he experienced 3 episodes of vertigo, binocular disturbance of vision and worsening of headaches. Neurological examination in May 1985 was normal. A DIVA was also normal.
In 1986 while coming out of a swimming pool he noticed binocular visual disturbance, vertigo, pain in his right arm and weakness of his right leg. The weakness persisted for several weeks. When examined at the end of 1986 the only finding was hyperreflexia on the right side. One year later he was still complaining of neck pain.
Case 11: This 25-year old man had at least two MVA's. In July 1981, after the first MVA, he was complaining of stiffness and pain in the right paracervical region. He sometimes had bitemporal headaches. In October 1983 he was involved in a rear-end accident without any blow to the head. He had no LOC but experienced neck pain beginning a half hour later, with a steady occipital and throbbing frontal headache.
He later had recurrent episodes of isolated vertigo and others of vertigo with oscillopsia, dimming of vision and occasionally numbness over his left face. He had one episode of transient global amnesia for 3 hours, described by his cousin, who was with him at the time. In 1985 while he was vacationing in the West Indies he had an episode of vertigo, generalized weakness, a headache more severe than usual and then lost consciousness. He awoke with stiffness of his neck, photophobia and colored spots in his vision. He felt sick for 4-5 hours. Neurological examination in 1986 revealed dissociated abduction nystagmus of the right eye on right lateral gaze indicating the earlier presence of internuclear ophthalmoplegia. Angiography revealed a double shadow suggesting dissection in the LVA.
Case 50:
This 30 year old man was involved in an MVA in March of 1991: his car was struck on the right side by a fuel truck at >90 km/hr; he was found unconscious 40 minutes from the vehicle, regaining consciousness within approximately 10 minutes according to observers at the scene. He had retrograde amnesia for seconds, but post-traumatic amnesia for 2-3 weeks except for 2 brief recollections. He was seen in hospital and was found to have a fracture of the C 7 facet with subluxation at C 6-7 ; he had a C 7 root injury. He was treated with Halifax clamps. Following the accident he had some problems with bladder control, and basilar migraine, characterized by flashing lights, vertigo, vomiting and headache. In September 1995, while in the shower, he had an episode of flashing lights in his vision and lost consciousness. Over the next several months he had 14 similar episodes of loss of consciousness, some preceded by binocular dimming or loss of vision, some followed by dysarthria. During that time he also had 3 episodes of transient global amnesia, and several episodes during which he became lost in familiar surroundings such as a neighbourhood street or shopping mall. When examined in January of 1996 he was found to have titubation, right hemiparesis and a right inverted supinator sign. Angiograpy in January of 1996 showed occlusion of the right vertebral artery at C 6-7 , with distal reconstition by collaterals and sluggish flow. He was anticoagulated with heparin and then long-term warfarin; when last seen in Septrember of 1998 he had experience no further episodes of vertebrobasilar ischemia.
Comment group 2:
These patients are inhomogeneous. The initial binocular blurring of vision in case #7 is difficult to explain especially considering the fact that the initial angiogram was negative; possible mechanisms would include spasm and embolization of platelet aggregates. She was initially regarded as having had a pontine tegmental infarct with a hemorrhagic component. Case #6 had many reasons to explain a compromised circulation including probable congenital fibrotic web, osteophytes at many levels; the washing delay at C1-C2 may be indicative of vertebral artery trauma.
Cases 5 and 50, with delays of several years and angiographic confirmation of vertebral occlusion, are the most dramatic. In Case 5, a young woman of 34 without any vascular risk factors it would be stretching the odds to imply that she had two severe episodes of VB ischemia that are unrelated. A delayed "spontaneous" progression to occlusion secondary to previous damage of the endothelium wall seems the most likely explanation, although it is possible that both vertebral arteries were occluded at the time of the initial accident, and that the delayed event was due to thrombosis and embolization is possible. At angiogram there was bilateral occlusion, which on the left was above PICA.
Some would consider cases 8-10 as having had complicated migraine because of previous episodes suggestive of visual migraine, and in Case 9 more definite vertebrobasilar ischemia followed chiropractic manipulation. Case #6 had some migrainous features combined with an abnormal angiogram.
Group 3. Delayed symptoms with transient ischemia and/or migraine
Case 12: This woman of 53 was involved in an MVA in January 1981. She was seated at the passenger's seat when her vehicle, which was being driven by her father, hit a car while backing up. About a month later she noticed an echo in her left ear and was aware of blurred vision with stars in front of her vision with blue and red balls (phosphenes) bilaterally. Four days later she experienced vertigo, noted an increased echo in her left ear and became nauseated. She was sick for 90 minutes and has very little memory of it. When transferred to a hospital her memory came back but she was still experiencing binocular flashing lights. This lady was known to have had migraine in the past but never had any accompaniments. In the following 6 months she had two recurrent episodes of flashing lights, one of which was provoked by doing neck rotation exercises, and which was accompanied by vertigo. She was still having 1 or 2 headaches per week at that time. An initial diagnosis of migraine was favoured by another more senior neurologist, and no angiogram was done.
Case 13: In August 1980 this man of 61 was rear-ended when sitting in the back of a parked car. He had brief LOC. Four months later he developed headache, imbalance and transient global amnesia for the major part of a morning. When seen in April 1981 his examination was normal. In the next few months he had 4 episodes of disturbance in his vision. This began as binocular loss of vision which later evolved to keyhole vision. He had other episodes of vertigo and memory disturbances. Angiography in August 1981 was normal, as were a CT scan and x-ray of the neck. He did well in follow-up.
Case 20: This woman of 33 was hit by the car door which swung back when she was trying to get out of her car. She had no LOC but experienced a sore neck for a week. She later had episodic throbbing headaches. Over the next 2 years she had 4 episodes of loss of consciousness. One of them was preceded by numbness on the left side; another associated with twitching on the left side. A diagnosis of epilepsy was made elsewhere.
In the fall of 1981 she had an episode in which she lost the inferior half of her visual field bilaterally. Shortly afterward, she had a visual problem that was characterized by an inability to see on the right side, and dim vision through flashing stars on the left side. She was nauseated afterwards. She later had episodes in which there was a "white cloud" off to the right side in her vision. No risk factors or prior migraine was identified. The following were normal: EEG, ECG, echocardiogram, CT scan and 4-vessel angiogram.
Case 28: This lady of 38 was involved in an MVA in August 1980. She rapidly developed neck pain and complained of numbness in her right arm. When examined at the emergency department of another hospital it was noted that she had weakness of the right triceps and wrist extensors. Reflexes were brisker in the right arm and sensation was decreased in the C5-C6 territory. Two to 3 weeks later she experienced a few episodes of bilateral loss of vision provoked by bending her head forward. These would last only a few seconds. Neurological examination in October 1980 showed slight weakness on the right side at 4+/5 without asymmetry of reflexes. An angiogram revealed the presence of a small hypoplastic RVA and delay in clearance of contrast from a dominant LVA. She took ASA and dipyridamole for some months. In 1982 she experienced 2 further episodes of binocular loss of vision lasting less than a minute. A DIVA done in 1983 was normal. She did not present other symptoms in the ensuing year except for persistent neck pain and unilateral monthly headaches.
Case 21: This man of 34 was involved in an MVA in March 1979. There was no LOC but immediate neck pain and limited mobility of his neck was present. In May 1979 while standing up he had a sudden hot feeling over his head, developed a feeling of imbalance, sat down and lost consciousness (or fell asleep; there were no witnesses and it was impossible to be sure). In February 1980 he experienced lightheadedness. When trying to repeat physiotherapy exercises at home he experienced a feeling of imbalance with vertigo. He then developed a right sided occipital headache. Shortly afterwards while walking down a flight of stairs, he again experienced a hot feeling in his head, and the next thing he knew, he regained consciousness at the bottom of the stairs. He had difficulty getting back on his feet, and at that time complained to his wife of weakness in the legs and weakness of his right hand. His wife helped him to a couch, where he fell asleep for two hours. Following that episode he felt better.
When seen in March 1980, his neurological examination was normal. The following, done in March 1980, were normal: EEG, Holter, CT scan and 4 vessel angiogram.
COMMENTS GROUP 3:
The first few patients described in this group had episodes of bilateral flashing lights with headaches and other symptoms or binocular blurring of vision with headaches, transient global amnesia or a prolonged episode of inability to recognize a familiar environment. The presence of positive symptoms with a bioccipital or bitemporal territory and worsening of headaches is suggestive of migraine. It may not be possible in some cases to distinguish posttraumatic migraine from post-traumatic TIA's.
In the remainder, the dominant complaint with few exceptions was bilateral loss of vision, but unaccompanied by headaches. Some patients had headaches at other times but the association with post-traumatic migraine is more tenuous. Neck movement was a precipitator of attacks for 5 patients. June 1996: Impairment of short-term memory, ↓ R corneal and V2 sensation, ↓ gag bilat; bilateral dysmetria on hand-patting. RG = retrograde (amnesia); PT = post-traumatic; TGA = transient global amnesia; MVA = motor vehicle accident; LOC = loss of consciousness 
